Objectives: Endothelial disturbance and excess inflammatory response are pathogenic mechanisms in pre-eclampsia (PE). Authors determine the clinical diagnostic role for thrombomodulin (TM), plasminogen activator inhibitor-1 (PAI-1) as endothelial markers and C-reactive protein (CRP), and interlukin-6 (IL-6) as inflammatory markers when tested independently or in combinations.
Introduction
Preeclampsia (PE) is a multi-system, multi-factorial disease targeted by endothelial damage which precedes the clinical diagnosis; it is estimated to affect 2%-10 of all pregnancies [1] and the fetus depending on the population studied and definitions of PE [2, 3] as recent studies reported that PE would cluster in families, consistent with a genetic component in the pathophysiology of this disease [3, 4] . According to Health Bulletin news, PE accounts for up to 80% of maternal deaths in the developing world [5] .
Data from many studies have indicated that generalized endothelial dysfunction is the cause for the clinical abnormalities in PE [6] . The search for circulating factors mediating this generalized endothelial dysfunction has been the subject of much ongoing research. Among these circulating endothelial markers, thrombomodulin (TM); a natural anticoagulant produced by endothelial cells and bound to their surface [7] , and plasminogen activator inhibitor-1 (PAI-1); a principle regulator of fibrinolysis [8] , are known to play a role in PE.
Specific factors initiating endothelial damage in PE are unknown, although activation of the coagulation system, platelets, and neutrophils are implicated. Normal pregnancy is associated with activation of peripheral blood leukocytes, a response more marked in women with PE. Inflammatory cells are activated in PE and localized to the site of vascular injury. This white cell activation is associated with higher levels of proinflammatory molecules such as C-reactive protein (CRP) [9] , and cytokines such as interlukin-6 (IL-6); a multifunctional cytokine that is produced by vascular endothelial cells [10] .
The pursuit of safe, reliable, and cost-effective screening tests for the prediction of PE has been the goal of researchers for many decades, with the aim of improving maternal and fetal surveillance, despite the fact that the only current effective treatment remains delivery. To date, however, no specific tests have been proven to be effective and appropriate screening tests for PE. This is partly attributable to the wide range of terminology used for hypertensive disorders in pregnancy, to the varying criteria for the diagnosis of these complex disorders, and to differences in measures of outcome. Many candidates have been examined, but none has proven to be specific and sensitive enough to be of clinical value [11] .
The aim for the present study is to evaluate the potential clinical utility of TM, PAI-1, CRP and IL-6 in assessing endothelial damage and prediction of PE when tested independently or in combinations. Moreover, the current study aimed to determine whether circulating endothelial markers (TM and PAI-1) are related to inflammatory markers (CRP and IL-6) in established PE and which of them best discriminate between PE and normotensive pregnancy.
Materials and methods

Study population and blood sample collection
The study population, selected from women attending the Obstetrics and Gynecology Department -Ain Shams University Hospital, consisted of 80 women with PE (27.8 ± 2.3, range 22-36 years) and 55 women with normotensive pregnancies (27.2 ± 3.8, range 21-33 years). Together with a group of 50 healthy non-pregnant women (26.9 ± 3.8, range 22-34 years) recruited from the hospital laboratory staff. All women gave informed consent to participate in the study, which had been approved by the local Ethics Committee. None of the patients had pre-existing hypertensive disorders or any renal, hepatic, or hematologic diseases, and had received no medication. None of them were smokers.
Pregnant women in the study were cared for by obstetrician, and information about the course of the pregnancy including gestational age, mode of delivery, and any complications of pregnancy, was obtained. Pregnant women were divided into women with PE (n = 80) and women with normotensive pregnancy (n = 55). Preeclampsia was defined according to the American College of Obstetrics and Gynecology definition (2002) [12] , as new-onset hypertension after 20 weeks' gestation, with a diastolic blood pressure of 90 mm Hg or higher with concurrent proteinuria of 300 mg/24 hours or greater. Semi-quantitative dipstick tests were used for measurement of proteinuria (1+ and 2+ corresponded to 300 mg/24 hours and 500 mg/24 hours, respectively) while normal pregnancy was defined as a pregnancy in which the mother had normal blood pressure ( 140/90 mmHg), absence of proteinuria, and no medical complications.
Blood samples were obtained in the third trimester before any medication was taken. Samples were withdrawn from all individuals and divided equally into two tubes: first tube used to separate the sera for the analysis of CRP and IL-6, while the second tube containing 3.8% sodium citrate as an anticoagulant used to separate plasma from red blood cells for the determination of TM and PAI-1. For all tube, centrifugation was performed at 3000 rpm for 10 min. and the separated sera or plasma was stored at −80
• C until analysis.
Measurement of thrombomodulin (TM)
Plasma thrombomodulin (TM) was measured as indicator of endothelial dysfunction and/or damage with enzyme linked immunosorbent assay using a diagnostic kit supplied by Diagnostica Stago, 9, Rue des Frères Chausson, 92600 Asnières sur Seine, France [13] .
Measurement of plasminogen activator inhibitor-1 (PAI-1)
The activity of PAI-1 was measured by commercial two-steps indirect enzymatic assay kit (Spectrolyse/pL PAI kits, Biopool AB). The activity was expressed as Units/ml, where one unit is the amount of PAI-1 that inhibits 1 IU of human single-chain tissue-type plasminogen activator [14] . 2.5-3.1 a Not significant. b Significant difference at (P < 0.001) among investigated groups. c Significant difference at (P < 0.001) compared with healthy non-pregnant. d Significant difference at (P < 0.001) compared with normotensive. e No significant (P >0.05) between normotensive and healthy non-pregnant groups. f Significant difference at (P <0.001) between normotensive and healthy non-pregnant groups.
Measurement of C-reactive protein (CRP)
Determination of serum C-reactive protein (CRP) by a high sensitive immunoassay for measuring human CRP which is a two step sandwich ELISA technique using kit supplied by Diagnostic systems laboratories (DSL-10-42100) Webster, Texas, USA [15] .
Measurement of interlukin-6 (IL-6)
Commercially available IL-6 DuoSet Kit enzymelinked immunosorbent assay (ELISA) was used to measure IL-6, following the protocol provided by the manufacturer (BioSource Europe S.A., Rue de industries, 8 B-1400 Nivelles Belgium) [16] .
Statistical analysis
All data analyses were performed by means of Statistical Package for the Social Sciences software (SPSS) version 10.0. Results were reported as median and Differences between patients and the control groups were compared with one-way analysis of variance (ANO-VA). The threshold value for optimal sensitivity and specificity of TM, PAI-1, CRP, and IL-6 were determined by Receiver Operating Characteristics (ROC) curve, which was constructed by calculating the truepositive fraction (sensitivity %) and false-positive fraction (100-specificity %) of the above-mentioned markers at several cut-off points [17] . The ROC curve can be used to select a cutoff for the diagnostic test that maximizes the sensitivity and minimizes the false-positive rate. The positivity rates were compared by chi-square test. Correlations between variables were studied by linear regression analysis. The level of significance was determined to be less than 0.05.
Results
Demographic and clinical parameters
The demographic, clinical and laboratory data of the subjects are shown in Table 1 . As expected, the women affected by PE demonstrated significantly higher systolic and diastolic blood pressures (P < 0.001) than women with normotensive pregnancies and healthy non-pregnant. Women with PE had significantly higher mean levels of TM, PAI-1, CRP and IL-6 as compared to either normotensive pregnant women or healthy nonpregnant women. Comparing the median levels of normotensive pregnant and healthy non-pregnant groups, a significant difference was only detected in IL-6.
Positivity rates of the investigated markers among the three studied groups
Healthy non-pregnant and normotensive pregnant women were combined in a group and the best cutoff values for investigated parameters were calculated by the ROC curve as 3.65 ng/ml for TM, 39.6 U/ml for PAI-1, 3.6 mg/L for CRP, and 1.42 pg/ml for IL-6 (Fig. 1) . Moreover, calculating the best cutoff values that discriminate between normotensive and PE pregnant women using the ROC curve were nearly the same as follows (3.65 ng/ml for TM, 38.9 U/ml for PAI-1, 3.6 mg/L for CRP and 1.42 pg/ml for IL-6). Concerning these cutoff values, all investigated parameters revealed significant difference between the three investigated groups (P < 0.0001) ( Table 2) . 
Correlation between the investigated markers
Using linear regression analysis, the correlation coefficient between TM, PAI-1, CRP and IL-6 was studied. Significant correlation was detected between the markers (P < 0.0001) when consider all investigated groups (Figs 2 a, b, c, d , e, and f), healthy non-pregnant vs PE, and normotensive pregnant vs PE groups, Table 3.
Combined sensitivity and specificity of all investigated markers
To enable fair comparison for each biomarker among normotensive and PE women, the sensitivities (positivities) of each marker were tested independently or in combination using the cutoff that discriminates normotensive from PE women, as shown in Table 4 . Accordingly, both sensitivity and specificity (97%) of PAI-1 were the highest among all investigated markers, followed by IL-6 (95% for sensitivity and 67.6% for specificity) then CRP (90% for sensitivity and 86.7% for specificity), while TM revealed the lowest sensitivity (81.3%). Absolute sensitivities and high specificities were reached when CRP was combined with PAI-1 followed by combined CRP with TM (100% and 83%; 100% and 81.9%; 100% and 79%, respectively).
Discussion
Pre-eclampsia (PE) remains one of the most serious complications of pregnancy. According to the World Health Organization, PE is a major cause of both maternal and fetal-neonatal morbidity and mortality [18] . Although PE is usually diagnosed in late pregnancy, the roots of the disease are present in the first half of pregnancy. Thus insight to assess the clinical implication of the circulating markers in PE for early diagnosing and screening of PE is highly recommended. The glomerular and pathophysiological changes of PE, especially those present before clinically evident disease, suggest that altered endothelial function is responsible for many of the changes in the syndrome [19] . Our study demonstrated an elevated (P < 0.001) median levels and positivity rates of endothelial markers as compared to normotensive pregnant or healthy nonpregnant women. Previously, it was reported that increased TM in plasma reflects the degree of endothelial damage that is caused as a result of hypertension [20] . Moreover, the increased levels of PAI-1, a member regulating fibrinolysis [21] , in PE may be attributed to the hypothesis that hypoxia may be responsible for increased syncytial PAI-1 expression noted in PE, which is suggested to promote increased intervillous fibrin deposition that is observed in these pregnancies [22] . PE is secondary to the interactions of reduced placental perfusion with diverse maternal factors that alter endothelial function. The maternal contribution is from factors that antedate pregnancy and are influenced by the usual metabolic adaptations of pregnancy. The endothelium and other targets for the effects of these interactions are more sensitive to insults during pregnancy because of activation of the inflammatory cascade as a normal part of pregnancy [19] .
Of the inflammatory markers, we have assessed CRP and IL-6 in the three investigated groups. Accordingly, our results revealed positive significant increase both median and positivity rates in PE than normotensive pregnant women and healthy non-pregnant ones. Plasma from women with PE can activate vascular endothelial cells through an NK-κ B-mediated mechanism, these cells could be a potential source of increased circulating IL-6 that seen in this disease [10] . Production of CRP is stimulated by the release of proinflammatory cytokines including interleukin-6 which may explain the significant increase of CRP levels reported in this study.
Also, it has been suggested by Freeman and his colleagues [23] that PE is attributable to an excessive maternal inflammatory response to pregnancy secondary to a combination of placental factors and maternal factors related to phenotype and genotype. This inflammatory response contributes to the wider syndrome of endothelial dysfunction and thrombotic and metabolic disturbances seen in PE. In the present study we have examined the correlation between all of the investigated endothelial and inflammatory markers in the three investigated groups. Interestingly, significant correlations were detected when comparing healthy nonpregnant or normotensive pregnant women vs PE which signifies the clinical impact of the investigated markers. These findings may support the hypothesis that endothelial disfunction, activation or damage in women with PE may contribute to excess inflammatory production. A prospective longitudinal investigation to further study the various circulating endothelial and inflammatory markers to more reliably identify women at high risk of PE is in progress.
Preeclampsia is not a single disorder but rather a syndrome [24] . It has become increasingly clear that it is unlikely a single test will be able to predict all forms of PE early in pregnancy. Hence a new strategy is needed to focus on the identification of women at risk of developing PE, based on combination of biochemical markers. To the best of our knowledge, this is the first study to specifically investigate all these markers concurrently in PE and study their combined overall sensitivity and specificity, PPV, NPV as early, reliable and safe diagnostic and screening tests. Our results showed that the sensitivity for early detection of PE was absolute when the investigated markers were combined. However the best combination was observed between CRP and PAI-1, followed by CRP and TM as regard to their sensitivity and specificity (100%, 83%, and 100%, 81.9%, respectively).
Taken together, these findings suggest that a positive correlation was detected between inflammatory and endothelial markers. Moreover, combined testing of CRP and PAI-1 may improve the sensitivity and specificity for diagnosing and screening of PE. From a diagnostic standpoint, although we believe that the discovery of soluble endothelial and inflammatory markers used either alone or in combination with other markers offers tremendous promise in the diagnosis and screening of PE, we recognize that the limited number of patients in this study comprise just a pilot study, and future studies based on large number of patients to confirm these findings are highly recommended. Once this is achieved, a safe, reliable, and cost-effective screening tests may become available for routine clinical use for diagnosing and screening PE.
